The aim of this study was to describe the intensive care unit (ICU) nurses' knowledge, attitude, and practice of mouth care for their patients. This is a cross sectional hospital based study. A total of 154 ICU nurses were randomly selected from seven governmental hospitals in Khartoum state and were invited to take part in this study. 97.4% of ICU nurses had high knowledge of the importance of mouth care for ICU patients and similarly for the priority of mouth care. However, only 20% of nurses were found to apply good practice. 64.5% of the nurses received training in mouth care provision, and (81%) indicated that further training would be beneficial. The oral care practice of ICU nurses ranged between average among 57% and poor among 23%. The study highlighted the need for setting of ICU protocols and adoption of advanced training for ICU nurses.
Introduction
Quality of life and personal dignity have been reported to be affected by oral health. This impact appears to be more severe in medically compromised or hospitalized patients [1] [2] . Poor oral health or dysfunctions have a negative effect on nutritional status [3] - [5] and profound negative effects on general health.
Patients in the Intensive Care Units (ICU) have very specific care needs, demanding the highest standard of professional care [6] . They may be intubated, have a nasogastric tube in place, be heavily sedated, or febrile, all of which may lead to dehydration and breathing through the mouth [7] . These, in turn, cause a change in oral flora and bacterial overgrowth, with the consequent loss of salivary effectiveness. Growth of potentially pathogenic bacteria in dental plaque provides a nidus of infection for microorganisms that can cause ventilator associated pneumonia (VAP) [8] .
VAP is defined as pneumonia occurring in a patient who has been ventilated for at least 48 hours. It is the most common nosocomial infection and the leading cause of death in intensive care units (ICU) [8] .
Its incidence varies from 9% to 28% with a mortality rate ranging from 24% to 50%. These figures may be higher in immunocompromised patients and when the pneumonia is caused by multi-resistant pathogens [9] .
Many barriers to providing effective oral health in ICU patients have been reported including low priority of oral care, fear of causing pain or injury to the patients, the perception that oral care does not provide significant health benefits, patients' resistive behaviors, inadequate nurse staffing, fear dislodging or displacing the tube, inducing bacteremia and lack of oral health related supplies [10] .
These may partially account for the continuing low priority of oral care for patients in the ICU [11] . Additionally, oral hygiene performed by a nurse or aide is difficult, especially in patients who are semiconscious and non-cooperating [11] .
The objective of this work is to describe the oral health knowledge, attitude and practice performed by ICU nurses and to study the factors affecting the quality of mouth care for ICU patients in governmental hospitals in Khartoum state. No previous studies in Sudan have assessed oral health knowledge, attitude and practice of ICU nurses towards their patients, and there was no formal unit protocol for the provision of oral care in the ICU.
Material and Methods

Methods
An observational, cross-sectional study in which an interview was randomly administered to 154 nurses in ICUs.
Sample and Setting
Study sites included ICUs in seven government hospitals in Khartoum state, Sudan. The total number of ICU nurses was 226. 154 nurses were randomly selected using formula of proportional estimate. All nurses were informed verbally about the study by the principal investigator, and signed a written consent to participate in the study.
Ethical Considerations
Ethical approvals were obtained from the Ministry of Health, the Clinical Research Centre from each hospital and University of Khartoum, Faculty of Dentistry Ethics Committee.
Instruments
The study was based on an interview which has been adopted from a survey that was conducted in Scotland (Rachel et al., 2009 ) with some modifications in the question of barriers to perform mouth care. A pilot study was carried out on a sample of ICU nurses to pretest the questionnaire and refine the questions in order to facilitate answering. The interview is composed of the following parts:
• Demographic data.
• ICU nurses knowledge about oral care.
• Attitudes of ICU nurses towards mouth care.
• ICU nurses mouth care practice.
• Barriers to perform oral care.
After completing the interview, the answered questions of knowledge, attitude, and practice were evaluated and scored.
Data Collection
Data collection was undertaken over 7 weeks in 2012. All nurses were informed verbally and in writing about the study, and that their participation was voluntary and anonymous.
Data Analysis
Data were analyzed using the Statistical Package for Social Sciences (SPSS) 19.0.9 Standard Version (SPSS Inc., Chicago, IL, USA).
Demographic data, frequency distribution of oral care, types of materials used, and tools used were analyzed using descriptive statistics.
The correlation relationships between these three main variables (knowledge, attitude and practice) were determined. Then, relationships between variables such as educational level, experience in ICU with mean score of variables of knowledge, attitude, and practice were determined.
After two weeks from the first interview 10% of the questionnaires were re-distributed to the same participants for reliability check, and the kappa for the questionnaire ranged from (0.65 to 0.85) except for the question of frequency of mouth care it was 0.37.
Results
Socio-Demographic Profiles for ICU Nurses
Females outnumbered males (5 times), most nurses are holders of a Bachelor of Nursing degree, and the highest frequency in the shift pattern was the morning shift ( Table 1) .
The mean age of nurses was 27.95 ± 4.51 years, the median of their working experience as nurse was 4 years, the median of their working experience in the ICU was 13 months and the ratio of nurse to bed was 3:1 per day.
Knowledge
The majority of nurses 97.4% stated that provision of oral care in ICU is important for infection prevention, while 1.3% of them related its importance to patient comfort, 1.3% did not know why mouth care is important for ICU patient.
Attitude
Nurses who had negative attitude towards mouth care for ICU patients were in the minority (2.6%), while the majority (97.4%) of ICU nurses perceived oral care as a high nursing priority.
Oral Care Practice
Both type and frequency of oral care provision rose among the participants of this study. Most of the nurses reported that they performed mouth care twice daily (61%), and the most frequent duration was 2 -4 minutes in (81.8%) of the participants. Gauze and tongue depressors were the main tools used ( Table 2) .
Saline, lubricant, and mouth wash were the most commonly used materials. 
3) Tools
Adult tooth brush 0 0%
Pediatric tooth brush 0 0%
Electric tooth brush 0 0%
Foam swab 2 1.3%
Gauze + tongue depressor 152 98.7%
4) Which part of the mouth
Brushing of teeth 0 0%
Brushing of gum 0 0%
Brushing of tongue 0 0% All 154 100%
Relationships between Oral Care Knowledge, Attitude, and Practice for ICU Nurses
There was a highly significant correlation (P < 0.000) between knowledge and attitude. Insignificant correlations were found between knowledge and practice (P < 0.192), and attitude and practice (P < 0.097). The ranking of knowledge, attitude, and practice of ICU nurses with respect to education level (Table 3) demonstrated that: High knowledge (91.6% -100%), and positive attitude (91.7% -100%) were scored, and these scores increased with increase in educational level of nurses. However, the majority of diploma holders practice was poor and the majority of bachelor holders practice was average. Data on knowledge, attitude, and practice in relation to duration of experience (Figure 1, Figure 2 ) revealed that experience has led to great improvement in knowledge and positive attitude.
Constraints to Perform Mouth Care
Most of ICU nurses (67.3%) found no difficulties in performing mouth care for their patients. Barriers for ICU nurses could be uncooperative patient (13%), inadequate staff (9.7%), fear of tube displacement (9.1%), lack of oral care requisites (7.8%), unpleasant task (4.5%) and lack of knowledge (1.9%).
Logistic regression analysis showed ( Table 4) : 1) Bachelor degree holders are more likely to adopt good practice than the diploma holders by 6.1 times.
2) The ICU nurses reported that in the presence of hospital equipments their good oral care practice will increase by 4.4 times.
3) The ICU nurses reported that if they had received training their practice will improve by 3.5 times. 
Discussion
The two thirds of nurses who have received training indicated that 92% of their training was part of basic nursing training. This could be problematic, as oral care for an intubated patient requires different knowledge and skills compared to that for a ward patient. In South Africa [12] basic nursing training was the only source of training for 35 nurses (36.5%), whereas 22 nurses (22.9%) had received training while completing their postgraduate programme. Two nurses (2.1%) stated that their only source of training had been during continuing education activities such as congress attendance, and 10 nurses (10.4%) indicated that their primary source of education had been hospital in-service. In England [13] most nurses had received training during their initial nursing course (42, 41%) and/or whilst "on the job" (50, 48.5%) and a minority had attended a later training course in oral care (15, 14.5%). Sixty-one (59%) nurses did not recall receiving any oral care instruction during their initial training period.
In all ICUs studies, there was no formal unit's protocol for assessment or provision of oral care for ICU patients, and this may influence nurses' practice. This is, in contrast, with the Scottish survey [14] where most units (n = 21, 88%) assessed the patient's oral care needs within 24 hours of admission and seven units (29%) had set protocol for this assessment. While in UK, 11 (46%) of the result of the assessment was recorded in the nursing record. Only 27 (26%) nurses used a written assessment tool or protocol [13] .
The average mouth care frequency of practice of twice per day (61%), was lower than that of five times practiced by 72% of nurses in USA [15] , while in Scotland oral care was performed more than three times per day by 24 nurses (100%) [14] .
The present study showed that the use of gauze and tongue depressor (98.7%) to perform mouth care, surpassed that was reported in Israel (55%) [16] . While in UK tooth brushes were used at least once a day by 88 (85.5%) nurses with 9 (8.5%) nurses stating that they had never used tooth brushes. The material used for mouth care differs within and between countries. In Sudan it was found that saline is used by (98.1%) of the nurses and mouth wash by (29.2%) of them, while in Israel mouth wash was used by 75% of the nurses [19] . Chlorhexidine products were routinely used by 58.5% in UK [13] and 81.9% in USA [15] .
The general trend of correlation between educational level and ICU nurses' knowledge and practice revealed in this study is similar to USA. While in Taiwan there was no significant correlation between the total scores on knowledge and attitudes about oral care and the nurses' educational level, the type of ICU they worked in, years of experience working in an ICU or years of experience working at their present ICU [17] .
The finding that no significant correlation between ICU nurses experience and their knowledge, attitude and practice towards mouth care was in contrast with European countries [18] , where the more experienced the nurses, the more knowledge, attitude, and practice of oral care is performed to prevent VAP [18] . In Taiwan, also, there was a significant correlation between the age of the nurses and their total score on oral care practices [17] .
In the present study the most frequent constraint to perform mouth care was uncooperativeness of the patients (13%), unlike in USA where this was attributed to inadequate staff [19] - [21] .
Regarding hospital equipments, 72% of nurses agreed that the availability of hospital equipments and supplies were unsatisfactory. In UK, hospital factors were found to affect the type and quality of oral care given by nurses [22] .
A potential bias in our survey is that all the nurses were from university or academic institutions. The survey carried out by Binkley in USA [23] found that private hospitals provided more oral care than university-affiliated centers.
As this study was carried out in seven government hospitals, its findings could not be generalized to all the hospitals in Sudan, yet the findings can possibly be taken as indicators.
Conclusion
The oral care practice of ICU nurses ranged between average among 57% and poor among 23% of the nurses who participated in this study. Two thirds of the nurses' oral care training was acquired during their basic nursing education. The most frequent barrier to perform mouth care was uncooperativeness of the patients and the least frequent barrier was lack of knowledge. The study highlighted the need for setting of ICU protocols and adoption of advanced training for ICU nurses.
